The study was designed for the development of an In-House sandwich ELISA as a suitable serological method for the rapid detection of infectious bursal disease virus (IBDV). The test was also designed to compare and evaluate its sensitivity and specificity with other traditional methods used for the detection of IBDV from field outbreak cases prevalent among the poultry population of Bangladesh. To develop the In-House sandwich ELISA, hyper-immune serum was raised against live IBDV vaccine in rabbit which was used to coat each of the 96-well flat bottomed polystyrene microtitre plate whereas, hyperimmune sera raised in chickens against IBDV used as secondary antibody. The newly developed In-House sandwich ELISA was standardized by dispensing different dilutions (10 -1 up to 10 -4 ) of rabbit serum. Among them, the 10 -2 dilution of serum showed most suitable reading for the detection of IBD virus and used to coat the plate to evaluate its sensitivity and specificity. Sensitivity test was done by different dilutions (10 -0 to 10 -4 ) of reference IBD virus. The virus dilution, 10 -3 was the highest dilution having lowest capacity to bind with coated antibody of the ELISA plate which indicated that IBD viruses was absent in the dilutions of above 10 -3 . The cut-off value of negative control samples was determined as 0.937 which indicated titer of tested samples >0.937 was positive and <0.937 was negative. Specificity test was performed using different known viruses (IBDV and NDV) using different dilutions (10 -1 up to 10 -4 ). Only the IBDV showed positive result which indicated high specificity of newly developed ELISA plate. A total of 26 samples (feces, cloacal swab, spleen and bursa) from control group, experimental and natural IBDV outbreaks were used as field viral antigen for the evaluation of sensitivity and specificity of the newly developed In-House sandwich ELISA. In case of experimental infection, 5 (62.5%) of 8 feces sample but none of cloacal swab were positive for IBDV whereas, all bursa and spleen samples were positive by both In-House sandwich ELISA and AGIDT. In case of natural outbreak cases, 6 of 6 bursal samples and 4 of 6 spleen samples were positive by In-House sandwich ELISA whereas, AGIDT detected all bursal and 3 spleen samples. No virus was detected from the samples of control group. The result showed 92.85% specificity of the developed sandwich ELISA for detection of IBDV with AGIDT which indicated that the developed ELISA is a sensitive, specific, cost effective and reliable tool for the detection of IBDV antigen from a large number of field samples.
INTRODUCTION
Infectious bursal disease (IBD) also known as Gumboro disease, is one of the highly contagious viral diseases of young chickens caused by infectious bursal disease virus (IBDV) belongs to the genus Avibirnavirus of the family Birnaviridae having bi-segmented dsRNA genome (Jackwood et al., 1984) . The disease is characterized by immunosuppression, depression, debilitation, dehydration and high mortality generally at 3 to 6 weeks of age. The disease is economically important to the poultry industry worldwide due to increased susceptibility to other diseases and negative interference with effective vaccination. In recent years, very virulent strains of IBDV (vvIBDV) causing high mortality in chicken have emerged in South-East Asia, Europe, Latin America, Africa, and the Middle East. There are two distinct sero-types of the virus (McFerren et al., 1980) , but only sero-type 1 virus causes disease in poultry and includes the classical virulent (cv), very virulent (vv) and variant strains (Van den Berg et al., 1991) . At least six antigenic sub-types of IBDV serotype 1 have been identified by in-vitro crossneutralization assay. Viruses belonging to one of these antigenic sub-types are commonly known as variants, which were reported to break through high levels of maternal derived antibodies in commercial flocks, causing up to 60 to 100 percent mortality in chickens.
When any outbreaks occur in a farm, initiatives are taken to confirm the diagnosis and measures are taken accordingly to reduce morbidity and mortality to prevent further spread of causal agent. So, it is necessary to diagnose the disease quickly and perfectly. In our country, clinical signs and post mortem lesions are commonly used as the main basis for the diagnosis of IBD. Though gross lesions found in IBD affected poultry is considered sufficient for diagnosis of IBD (Cosgrove, 1962) , but the clinical signs, post mortem lesions and histopathological findings of IBD are very much similar with other bacterial and viral diseases of poultry (Banda, 2002) . Various serological tests like agar gel immunodiffusion test (AGIDT) (Patnayak et al., 1997) , serum neutralization test (SNT), indirect hemagglutination (IHA) test, enzyme-linked immunosorbent assay and molecular test like RT-PCR are employed for confirmatory diagnosis of the disease (Liu et al., 1998) . The enzyme-linked immunosorbent assay (ELISA) is commonly used as a rapid and sensitive test for detection of IBDV antigen or antibody against IBDV (Marquardt et al., 1980; Howie and Thorson, 1981 and Solano et al., 1985) . ELISA is now being used for sero-profiling of chicken flocks and examination of the efficiency of vaccines (Solano et al., 1986) . Studies of the molecular epidemiology of IBDV are important, and the DAS-ELISA could be an alternative technique for screening a large number of samples before testing (Tham et al., 1995) .
This paper describes the development of an In-House sandwich ELISA for rapid detection of IBDV antigens from large number of field samples and comparison of sensitivitiy with the agar gel immunodiffusion test (AGIDT) in detecting IBDV antigen using field and laboratory samples.
MATERIALS AND METHODS Rabbit anti-IBDV reference serum:
The New Zealand white rabbits (n=4) were vaccinated with live IBD vaccine (BAL-IBD EM from BESTAR) on day 7, 14 and 21 through S/C route @ 0.5 ml/rabbit and blood was collected prior to first and during each vaccination. The separated serum was checked with reference IBD virus by AGIDT for IBDV antibodies and positive sera were used as coating antibody and positive control. The serum collected from one non-vaccinated control rabbit was screened for the antibodies against IBDV and used as negative control.
Chicken anti-IBDV serum: ISA Brown chickens (n=4) of two months old were vaccinated followed by blood collection thrice at day 7, 14 and 21 with live IBDV vaccine through ocular route. The separated sera samples were checked for anti-IBDV antibodies by AGIDT against reference IBDV antigen and positive sera were pooled to use as secondary antibody and positive control. For negative control serum blood was collected at day 28 from two non-vaccinated birds and checked by AGIDT to confirm the absence of antibody. All the sera samples were preserved at -20 0 C in the screw-capped vial until used.
Reference IBD virus: Virulent strain of IBDV was used as reference virus obtained from the Department of Microbiology and Hygiene, Bangladesh Agricultural University, Mymensingh.
Detection of anti-IBDV antibody and IBDV antigen by agar gel immunodiffusion test (AGIDT)
All the sera samples raised in rabbit and chicken using live IBDV vaccine and prepared antigen from the samples of experimental and natural IBD outbreak cases were tested using known IBDV antigen and raised hyperimmune serum in chicken against IBDV vaccine respectively. The test was performed following the procedures described by Wyeth (2000) .
Coating of the microtitre plate with hyper-immune serum raised in rabbit against IBDV For the development of an In-House sandwich ELISA, flat bottomed 96-well microtitre plates were used (Tanimura et al., 1995) . A 100 µl of hyper-immune serum of each dilution (10 -1 to 10 -4 ) with coating buffer (pH 9.6) were dispensed on each well of microtitre plate (each dilution for two rows) and incubated at 37 0 C for 1 h, followed by overnight at 4 0 C. A 100 µl of block ace solution (4% BSA) was added to each well and incubated at 37 0 C for 1 h to block unbinding sites. Then the plate was emptied and washed 3 times with 200 µl of washing buffer (0.5% Tween 20 in PBS) and the antibody coated plate was stored at -20 0 C until use. A 20% bursal suspension was prepared from the sample of naturally and experimentally infected birds and used as a source of viral antigen for In-House sandwich ELISA. 20 . A 100 µl of conjugate solution was added in each well and incubated for 1 h at 37 0 C followed by emptying and washing of the plate. Then, 100 µl of substrate solution (OPD) was added and incubated for 30 minute at room temperature. Orange color was developed in case of positive reaction and the reaction was stopped by adding 100 µl of stop solution (1N H 2 SO 4 ). The OD (optical density) value was determined using an ELISA reader at 405 nm filter.
Coating of microtitre plate with hyper-immune sera at 10 -2 dilution to develop an In-House sandwich ELISA A 100 µl of diluted (10 -2 ) anti-IBDV rabbit hyper-immune sera were dispensed on each of the 96-wells flat bottomed microtitre plate and incubated at 37 0 C for 1 hour, followed by overnight incubation at 4 0 C. A 100 µl of block ace solution was added to each well and incubated at 37 0 C for 1 hour. Excess blocking solution was discarded and the plate was washed 5 times with PBST 20 . Finally the antibody coated plate was stored at 4 0 C until use. -2 diluted rabbit hyper-immune serum and incubated at 37 0 C for 1 h. Excess antigen was removed and the plate was washed. A 100 µl of 10 -2 diluted sera raised in chickens were dispensed on each well except column 11 (negative control) and 12 (positive control) and incubated at 37 0 C for 1 h. Excess antibody was removed and washed with PBST 20 . A 100 µl of conjugate solution was added and incubated at 37 0 C for 1 h followed by emptying and washing of the plate. Then, 100 µl of substrate was added and incubated for 30 minutes at room temperature. The reaction was stopped by adding 100 µl of stop solution (1N H 2 SO 4 ) and OD value was determined using an ELISA reader at 405 nm filter.
Standardization of sensitivity of the In-House sandwich ELISA

Standardization of specificity of the newly developed In-House sandwich ELISA
The specificity test of the plate coated with anti-IBDV serum (10 -2 ) was performed using known IBDV and NDV antigens. A 100 µl of each antigen (10 -1 , 10 , 10 -3 ) secondary antibody were dispensed on all wells except column 11 & 12 and incubated at 37 0 C for 1 h. Excess antibody was removed and washed with PBST 20 . A 100 µl of conjugate was added and incubated at 37 0 C for 1 h followed by emptying and washing of the plate. Then, 100 µl of substrate was added and incubated for 30 minutes at room temperature. The reaction was stopped by adding 100 µl of stop solution and OD value was determined using an ELISA reader at 405 nm filter.
Evaluation of sensitivity and specificity of In-House sandwich ELISA Three, 25-day-old local chickens were bought from KR market, BAU Mymensingh for experimental infection. Various samples (8 feces, 8 cloacal swab, 2 spleen and 2bursa) from experimentally infected and natural outbreaks cases (6 bursa and 6 spleens) from three layer farms (Mymensingh, Muktagacha and Sirajgonj) were subjected to prepare 20% inoculums with PBS to evaluate the newly developed ELISA. A 100 µl of undiluted (10 0 ) inocula were dispensed into all wells of the rows A to H respectively coated with anti-IBDV antibody (10 -2 ) and incubated at 37 0 C for 1 h. Excess antigen was removed and the plate was washed with PBST 20 . Addition of 100 µl sera raised in chickens (10 0 , 10 -1 to 10 -3 ) on A to H rows respectively and incubated at 37 0 C for 1 h. Excess antibody was removed and washed with PBST 20 . A 100 µl of conjugate was added to all wells and incubated at 37 0 C for 1 h followed by emptying and washing. Then, 100 µl of substrate was added and incubated for 30 minutes at room temperature. Orange color was developed in case of positive reaction and the reaction stopped by adding 100 µl of stop solution (1N H 2 SO 4 ) . The OD value was determined using an ELISA reader at 405 nm filter.
Statistical Analysis
The statistical analysis to compare the specificity between the newly developed In-House sandwich ELISA and agar gel immunodiffusion tests was done according to the statistical formula given by Samad et al. (1994) . The statistical formula was used as described below.
Gold 
Standardization of optimal concentration of hyper-immune serum to coat the newly developed
Sensitivity of the newly developed In-House sandwich ELISA
The known IBD virus dilution, 10 -3 appeared to be the highest dilution, which had the lowest capacity to bind with the coated antibody of the ELISA plate (Table 2 ). This result indicated that IBD viruses absent in the dilution which was above 10 -3 resulting that they failed to bind with the coated antibody of the ELISA plate which agree with the earlier report of Barman et al. (2003) . The column 11 containing negative control serum did not show any binding where as, the column 12 showed type specific binding with positive control serum. 
Determination of cut-off value from negative control readings
The cut-off value of present ELISA system was determined by using the mean absorbance of negative control (Table 1 & 2) plus three times the standard deviation (Kumar & Rao, 1991) . The cut-off value of present ELISA system is calculated as 0.940 (Table 3) . If the titer of tested samples with the newly developed In-House sandwich ELISA is greater than 0.940, indicates IBDV positive whereas, less than 0.940 indicates negative. Calculation Factor: Cut-off Value = (Mean ± 3 × standard deviation) of the negative control serum. 
Specificity of the newly developed In-House sandwich ELISA by using known IBD and ND viruses
The IBD virus was found to bind with the coated antibody instead of ND virus in the plate, which revealed the high specificity of the newly developed In-House sandwich ELISA against IBD (Table 4) . (Table 5  & 7) . The result partially supports the findings of Kanani (2000) .
In case of natural outbreak cases in the layer farms of Muktagach, Sirajgonj and Mymensingh areas, 6 (100%) of 6 bursal samples and 4 (66.66%) of 6 spleen samples were positive for the diagnosis of IBD. Spleen sample of each bird of Sirajgonj and Mymensingh district was negative for IBDV ( Sensitivity and specificity of AGIDT to diagnose clinical and post-mortem samples of experimentally and naturally infected chickens AGID has been reported by a number of workers to be useful in easy screening of the field samples, prior to either isolation or detection and characterization of the virus (Parthiban et al., 2000 and Kadam, 2001 ). In case of experimental infection, 5 (62.5%) of 8 fecal samples but no cloacal swab samples and all the postmortem samples (2 bursa and 2 spleen) were positive by AGIDT ( Table 7) . The positive fecal samples were collected within day 2 to 4 of post infection and sample of first day was negative. The result correspond with the findings of Dash et al. (1991) and Kanani, (2000) who detected IBDV antigen in BF from one to sixth day of PI using AGIDT. Among the 12 post mortem samples (6 bursa + 6 spleens) of natural outbreaks, all the bursal samples (100%) but 3 spleen samples (50%) revealed distinct white line of precipitation with anti-chicken/rabbit serum against IBDV (Table 8 (Table 9 ). From the above findings the present study may be concluded that studies of the molecular epidemiology of IBDV are important and the In-House sandwich ELISA could be used as an alternative technique for screening a large number of samples before testing (Tham et al., 1995) and also for the confirmation of the IBDV quickly from a large number of IBD suspected field samples. If it is produced commercially in a country it can be a valuable tool for the detection of IBDV virus with minimum cost and it is highly reliable like other procedures of IBDV isolation and detection such as AGIDT, molecular detection.
